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Utilization of Multipaths for Spread-Spectrum
Code Acquisition in Frequency-Selective Rayleigh
Fading Channels

Oh-Soon ShinStudent Member, IEEEBNd Kwang Bok (Ed) LeeMember, IEEE

Abstract—A novel acquisition scheme that utilizes multipaths acquisition scheme is extensively analyzed in static and fading
to improve acquisition performance is proposed for frequency-se- channels [5]-[8].
lective fading channels. The proposed acquisition scheme employs In frequency-selective fading channels where delay spread is

nonconsecutive search and joint triple-cell detection. The perfor- ter than the chip duration. th ist ber of vabl
manceisanalyzedinfrequency—selectiveRayleighfadingchannels.grea erthanthe chip duration, there exista number orresolvable

Equations for the probabilities of detection and false alarm are de- Paths. From the viewpoint of acquisition, the existence of multi-
rived, and an expression for the mean acquisition time is devel- paths implies that there exist more than one in-phase cells. The

oped. The mean acquisition time performance of the proposed and in-phase cell is defined as a cell where the timing error between
conventional acquisition schemes is evaluated and compared. It IS the received signal and the local generated code resides within

found that the proposed acquisition scheme significantly outper- . . . . .
forms the conventional one. The effects of various channel param- a fraction of chip duration [4]. Despite the existence of mul-

eters such as the number of resolvable paths, the shape of the mul-tiple in-phase cells, the conventional acquisition schemes ana-
tipath intensity profile (MIP) and the signal-to-interference ratio  lyzed in [3]-[8] have been first developed under the assumption
(SIR) on acquisition performance are also investigated. that there exists only one in-phase cell. The effects of multiple
Index Terms—Acquisition, frequency-selective Rayleigh fading, iN-phase cells on the performance of conventional acquisition
joint triple-cell detection, nonconsecutive search, spread-spec- schemes are investigated in [4] and [8]. Recently, there have
trum. been a few attempts to utilize multipaths for acquisition per-
formance improvement in frequency-selective fading channels.
In [9], a conventional serial search scheme with joint twin-cell
detection has been proposed to improve serial acquisition per-
IRECT-SEQUENCE  spread-spectrum (DS/SS)  hggrmance. In [10], the optimal decision rule has been developed
attracted considerable interest in commercial applicatioigjng the maximum-likelihood estimation technique to improve
and has been chosen for next generation mobile radio Systq§Bfallel acquisition performance.
[1]. [2]. In DS/SS systems, code synchronization is important The opjective of this paper is to propose a new serial acquisi-
because data demodulation is possible only after synchroniggn scheme which can effectively utilize multipaths to improve
tion is performed. The code synchronization is usually achievegdqyisition performance in frequency-selective fading channels.
in two steps: acquisition for coarse alignment and tracking f@ihe effective utilization of multipaths may become more impor-
fine alignment, of which the former is addressed in this papegant in next generation DS/SS systems, where wide bandwidths
Various acquisition schemes have been investigated for ragig employed to provide high date rate services [1], [2], resulting
acquisition, which may be classified into either serial sear¢h an increase in the number of resolvable paths. In a conven-
or parallel search. Cells in an uncertainty region are cOnsegiéna| serial acquisition scheme, cells in an uncertainty region
tively tested in a serial search, and it is widely employed due f@e tested consecutively and the test is performed by cell-by-cell
simple implementation. In [3], a serial search scheme has bggfiection [3], [4]. This scheme is appropriate if there is only one
discussed and mean acquisition time performance has been #MBhase cell [3]. In frequency-selective fading channels, how-
lyzed in a static channel. The analysis has been extended to sy, there may exist a number of in-phase cells, whose code
quency-selective Rayleigh fading channels in [4]. In a parallghase differences are less than the delay spread [4]. To exploit
search, cells are simultaneously tested, and the use of pargj{glpresence of more than one in-phase cells, the use of noncon-
search is desirable in applications where faster acquisition is &gcutive search is proposed in this paper. The nonconsecutive
quired at the cost of complexity. The performance of the paraligbarch is utilized to decrease the search time by testing cells in
a nonconsecutive manner with a step size greater than one chip.
Paper approved by Z. Kostic, the Editor for Wireless Communication of tll:eurthermore' the joint triple-cell detection is employed to utilize
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Fig. 1. Structure of an acquisition receiver employing the nonconsecutive search and cell-by-cell detection (NCS-CC).
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Fig. 2. Structure of an acquisition receiver employing the nonconsecutive search and joint triple-cell detection (NCS-TC).

To investigate the effects of the nonconsecutive search os/SS signal is received without data modulation and a non-
without joint triple-cell detection, an acquisition schemeoherent detector with an active correlator is employed. A de-
which employs the nonconsecutive search and conventiooadion variable is formed by conventional cell-by-cell detec-
cell-by-cell detection is also considered. Equations for thmn in Fig. 1, and by joint triple-cell detection in Fig. 2. In
probabilities of detection and false alarm are derived for fréhe search mode, the decision variable is compared with a de-
quency-selective Rayleigh fading channels, and an expressiigion threshold. If the decision variable exceeds the decision
for the mean acquisition time is developed. The mean acqtlireshold, the corresponding cell is assumed tentatively to be an
sition time performance of the proposed acquisition schemeifisphase cell H; cell), and the verification mode is activated to
compared with that of the conventional one in various chanrtebkt whether the tentative decision is correct or not. Otherwise,
environments. the cellis assumed to be an out-of-phase déjl ¢ell) and a new
This paper is organized as follows. Section Il describeell is tested. In the verification mode, the receiver performs a
the proposed acquisition system. In Section Ill, performano@mber of tests by comparing the decision variable with a de-
analyses of the proposed acquisition schemes are presenteion threshold. If at leag? out of theseA decision variables
In Section IV, mean acquisition time performance of thexceed the new decision threshold, acquisition is declared and
proposed and conventional acquisition schemes is evaluatied tracking system is enabled. Otherwise, the tentative decision
and compared. Finally, conclusions are drawn in Section V. is rejected and the acquisition system goes back into the search
mode to test a new cell. Before testing a new cell, the code phase
is updated by more than one chip, which makes the search pro-
Il. PROPOSEDACQUISITION SYSTEM cedure be nonconsecutive. The nonconsecutive search and joint
triple-cell detection are described in more detail in the following
subsections.
The acquisition system proposed in this paper utilizes the ,
presence of more than one resolvable path signals, and is badedionconsecutive Search
on a serial search double dwell noncoherent system that has twAs mentioned in Section I, more than o#& cells may
modes of operation, i.e., search mode and verification modist in frequency-selective fading channels. In order to exploit
as shown in Figs. 1 and 2. In both modes, it is assumed thaha presence of multiplé/; cells, the nonconsecutive search

A. Acquisition Receiver Structure
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Fig. 3. Circular state diagram of the nonconsecutive search.

strategy is proposed in this paper. In this search strategy, celistributed over the whole uncertainty region. This reduces time
in an uncertainty region are tested in a nonconsecutive manreguired to reach ai/; cell from an initial cell, and thus the
with a step ofL, chips, whereL, denotes the number of mean acquisition time may decrease. Another point to be noted
resolvable paths, and it is assumed to be known to the receivethat an additional phase adjustment process of the local code
The effect of nonconsecutive search is to test cells in a differegenerator is required whenever,_, Ay cells are tested for
order from the conventional consecutive search, sothatconsge= 1 2 3 . where((£)) 2 [(¢ — 1)modL,] + 1. For ex-

utive H cells are tested nonconsecutively. The nonconsecutyﬁme' whenL, = 3, the phase should be adjusted whenever
search can be easily implemented by advancing the phase gi@number of tested cells is onefofy, Ay + Ay, L, L+ Ay,
local code generator by, chips in the code phase update comy, A, 4 A, 2L, ...}. Thisis to avoid the same cell being tested

ponent. The structure of an acquisition receiver employing tB@ain until all the cells in the uncertainty region are tested.
nonconsecutive search with cell-by-cell detection is depicted in

Fig. 1. In this receiver, only the code phase update compon
is different compared with a conventional receiver, where only
one chip is updated. In frequency-selective fading channels, the signal power
The search procedure and benefits of nonconsecutive seascldispersed into a number of resolvable paths. Therefore,
may be described by the circular state diagram in Fig. 3. In thise signal-to-interference ratio (SIR) for each resolvable path
figure, the whole uncertainty region which consistd.afells is decreases with the number of resolvable paths increasing, when
divided into L,, disjoint subregion®,(¥ =1, 2, ..., L,). A, the interference power is fixed [10]. In this case, a decision
denotes the number of cellsRy. Without loss of generality, the variable formed by conventional cell-by-cell detection may
last node{, A,) in R, denotes théth H, cell (Hf cell), which be unreliable compared to a decision variable where the total
corresponds to théth resolvable path. The other nodes excegignal power is contained in a single path. A simple way to
ACQ denoteH, cells. In Fig. 3, note that there is one and onlyncrease reliability may be to increase a correlation interval.
one H; cell in each subregion, and thig cells are uniformly In real environments, however, the increase in the correlation

.t Joint Triple-Cell Detection
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interval may degrade acquisition performance due to Doppl&solvable path is constant over the correlation interval, each
spread as well as an increase in dwell time [3], [4]. A jointap is multiplied by an independent complex Gaussian random
twin-cell detection scheme has been proposed in [9], wherariable. The amplitude and phase of the fading for ttre

a decision variable is formed by combining detector outputssolvable path are respectively represented,andd,, where
corresponding to two successive cells. This may increasgis a Rayleigh random variable amid is a uniform random
reliability without increase in the correlation interval. In [10]yvariable over[0, 27). The multipath intensity profile (MIP)

a similar method has been presented, in which detector outpistsassumed to be either uniform or exponentially decaying
corresponding tal, successive cells are combined to fornwith the decay rate:. When the total fading power in all of

a decision variable. These detection schemes may be viewteel resolvable paths is normalized to unity, the average fading
as attempts to improve reliability by utilizing a path diversitypower in each resolvable path is represented as [10]

technique.
In the joint twin-cell detection scheme in [9], the cell under 1/Ly, p=20
the test and the previous cell are combined to form a decision Ela?] = 1—eH
. . .. . . . 6—(@—1)” 75 0
variable. In this paper, joint triple-cell detection is proposed 1 _ o—rls v B
as an extension of the joint twin-cell detection. In the joint £=1,2,..., L, (1)

triple-cell detection, three cells are utilized to form a decision

variable: the cell under the test, the previous cell and the ngftere £[-| denotes the statistical expectation. The number of
cell. When the number of resolvable paths is greater than thrggsjvable pathg,, is assumed to be greater than two in order

greater combining gain may be obtained by utilizing threg gyarantee independence of decision variables in NCS-TC.
cells instead of two cells. The rationale for the use of both the

previous and next cells in combining rather than two previol& Probabilities of Detection and False Alarm

or two next cells is as follows. When the cell under the testis an|y 4 receiver is assumed to be chip-synchronized to the re-
H, ce_II, the previous and next <_:e||s have_ an _equal probabilify;e signal. The code periddis discretized with a step size

of being anothe?, cell, and this probability is greater than,¢ one chip, resulting i cells of the uncertainty region. For
the probability that the second previous cell or the second N ¢ the decision variable is a noncoherent detector output
cellis anf, cell. Hence, the use of both the previous and nekke it a5 shown in Fig. 1. In this case, the probability density
cells are more advantageous than that of two previous or 4 tion (PDF) of the decision variabl corresponding to the

next ce_lls_. ) . o £th resolvable path is expressed as [10]
The joint triple-cell detection can be easily implemented
using two delay elements without an additional code generator. . 1 P
The structure of an acquisition receiver employing the noncon- f(z|Hy) = 257 &P <_F> 2
4 4

secutive search and joint triple-cell detection is shown in Fig. 2.
In this figure, Z, denotes a detector output corresponding WOhere H?
1

the cell under the tesz_, and Z, denote detector oUtpUIS |\ apie path. 22 denotes the first moment of a decision

corresponding to the previous and next cells, respectively,jahie which is composed of signal and interference:

A decision variableZ is formed by combining these threeaég = S . E[a?] + 0%, whereS ando? respectively denote the
detector outputs?Z = Z_ 1 + Zo + Z;.

total transmit signal power and interference power, &id?]
is the normalized fading power of tiféh resolvable path signal
[ll. PERFORMANCEANALYSIS and is given in (1).5/o7 is defined as the total received SIR,

In this section, the performance of the acquisition schem@&ich equals to SIR/Cthp gngltiplied by the correlation interval
described in Section Il is analyzed in frequency-selectiV@ chiPs, ands - Efa;]/o7 is the SIR of a detector output
Rayleigh fading channels. Two new acquisition schemes, of@d€sponding to théth resolvable path. Similarly, the PDF of

employing nonconsecutive search and cell-by-cell detectif}f decision variable which does not correspond to any of the

(NCS-CC) and the other employing nonconsecutive search 4fge!vable paths is expressed as

joint triple-cell detection (NCS-TC), are considered. These 1
two schemes are respectively depicted in Figs. 1 and 2. In f(z|Ho) = = exp <_L2> . ©)
Section IlI-A, the channel model used in performance analysis 207 20

I
is presented. In Section llI-B, equations for the probabilitie

of detection and false alarm are derived for NCS-CC a cLom (2|) atr;Id (3),hthe dpr(r)]babi][it]}/ IOf delteCtidef(’y) at_ the
NCS-TC, respectively. In Section 1lI-C, an expression fo@t resolvable path and that of false alaffp(v) for a given

the mean acquisition time is derived using the circular staq(gCiSion threshold is calculated as
diagram in Fig. 3, which is applicable to both NCS-CC and

NCS-TC. Ppi(v) =exp <—;—2> , Pp(y)=exp <—l2> . @
oy 207

denotes anH; cell corresponding to théth re-

A. Channel Model For NCS-TC, the joint triple-cell detection is utilized as
The channel is modeled as a tapped delay line with tapown in Fig. 2. In this case, the PDF of the decision variable
spacing of one chip [10]. Assuming that fading for eaclk = 7 ; 4+ Zy+ Z; can be easily found using the characteristic
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function [10], [11]. SinceZ_1, Zy, and Z; are independent wherea = 1/(1 — 02/02)? andb, = (—o02/02)*7*/(1 —
central chi-square random variables with two degrees of/o?)3 *. Taking the inverse transform of (9), the PDF may
freedom, the characteristic function gfmay be expressed asbe expressed as [11]

(1] fHE) =
( 2

] ; S
o260 = [[ 22 =[] ——ms 6 207 < 20%) 2

_ 2
et} et} 1—4v23;

b2kt z
ot P <‘2a%) =l
where 232 is the first moment 0¥ 22 »
Under an Hy cell, there exists no signal component in —6 exp< - ),
Z_y, Zo,0r Zy, e, 2 = o2 (k = —1,0,1), and thus (5)  © 1091
becomes

_ 27%
(10)
From (10), the probability of detection at thi resolvable path
for a given decision thresholdis found as
Ppe(v)

4

2
which is the characteristic function of a central chi-square 0 ex <_ 2 ) Zb
distribution with six degrees of freedom. Therefore, the corre- 207 P
sponding PDF is found as [11]

01 (jv|Ho) = <¥>3 (6)

1— ju20?

k—1

v
-eXp <_2—O'%> Zrn:O

22 z = "
f(z|Ho) = Fa’? €exp <_2—0'%> . @) ) 1 < i ) ’ (=1, 1L,

m! 20%

2 k
Using the cumulative distribution function (CDF) of (7), the exp 0 Zi e /=9 L. _1
probability of a false alarm for a given decision threshelis 202 k! 202 ) R
calculated as (11)

) . 2) Exponentially Decaying MIPi{( £ 0): For an exponen-
_ Y 1/ tially decaying MIP, the characteristic function for the decision
Pr(y)=exp| —=—5 Z —“ls= ) - (8) ; )
207 = k! \ 202 variable corresponding to théh resolvable path may be ex-
B pressed as [10]
441

The characteristic functions for the decision variables corre- @, (ju|HS) = Z Cek (12)
sponding to the states (1, 1) atd,,, Ay, — 1) in Fig. 3 are ! il — j2v0}

different from (6), sinceZ_; corresponds to the last resolvable 41 5 o ) )

path in state (1, 1) and; to the first resolvable path in stateWQherecfk = [lnme1, ma 1/(1=07, o)) andog = oF 4, =
(Lp, Az, — 1). The effects of these two states are assumed - The corresponding PDF is expressed as [11]

be negligible since the number of this kind Hf, states is only . 1 .

two, which is generally much less than the total numbeHgpf f(z|Hy) = Z 952 P <—2 2) (13)
states. Under this assumption, the characteristic function for any f=t—1 "7F

H, state is assumed to be as represented in (6) in this paper’om w_hich the probab.ility of detection at tlith resolvable path
Under anH; cell, the characteristic function in (5) can beor a given threshold is found as

expressed by the partial fraction expansion [10], from which the Hl
PDF is found as follows depending on the shape of the MIP. Ppi(v)= Y cm exp <—2 2) (14)
1) Uniform MIP (@ = 0): For a uniform MIP, the character- k=f-1

istic function for the decision variable corresponding to 4tie _ )
C. Mean Acquisition Time

resolvable path may be expressed as [10]
In fading channels, the detector outputs in search and verifi-

| a cation modes may be correlated. To make the performance anal-

W ysis be tractable, the effects of this correlation are assumed to be
) negligible as in [4] and [12]. Under this assumption, the succes-
_— +Z bx V=1 L sive decision variables are not correlated for joint triple-cell de-
Qz(jv|Hy) = (1 — j2vod)E’ o tection as well as cell-by-cell detection, when the joint triple-cell
b=t 5 detection is incorporated with nonconsecutive search. This is
< 1 ) /=9 I _1 because thereis no overlap between cells which are utilized to
(\ 1 — j2v0? T form successive decision variables i is greater than two.

(9) Hence, the mean acquisition time can be calculated using the
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flow graph method in [3]. In the circular state diagram in Fig. 33nd A, is given as

the}t;rancrlgiuns;re e;pre}sjsedlasp s - { |L/L,) +1, 1<¢<L—|L/Ly|L, o2
0(z) =(1 = Pp1)z" + Pp1(1 — Pp2)z ¢ |L/L,], L-|L/L,|L,<¢< L,
+ Py Ppoz 2ATIHI/MT (15) . .
B QA+D)T B where|z| denotes the integer part of Under the assumption
Hpe(#) = Pp1cPpae ’ ¢=1,2,.... L, (18) hatthe initial code phase of the received signal is uniformly dis-
Hure(2) = (1 — Ppie)2" 4 Ppie(1 — Ppag)z34H0T tributed on the whole uncertainty region, the generating function
0=1,2,..., L, (17) H(z) is found as
where Hy(2) is the gain of the branch connecting any of two 1 L A
successive nodég, m) and(¢, m+1)form =1, 2, ..., A— H(z) =7 SN H(z|e, m)
landf =1, 2, ..., L,. Hpi(z) and Hps (=) are respectively (=1 m=1
the gain of the branch connecting the nodésA,) and the . 1
ACQ, and that of the branch connectifg A,) and (((¢ + C L(1— [Ho(2)]¥ Lr Hp(2))
1)), 1).In (15)—(17),T = MT. is defined as the correlation in- Ly A, Lp+t-1
terval or dwell time in the search mode, whé&tds the chip du- {Z Z Z [Ho(z ]Ek LAy T—m—j
ration and/ is the penalty time in chips. The correlation interval Y1 =1

denote the probabilities of detection at tfib resolvable path

in the search and verification modes, respectivEly. and Pgo
denote the probabilities of a false alarm in the search and ver-
ification modes, respectively. These probabilities can be calclire corresponding mean acquisition time may be calculated as
lated using (4) for NCS-CC and (8), (11) and (14) for NCS-Td3]

in the verification mode is assumed to P€. Ppi, and Ppop
(z, ¢ J)} (23)

Pp1e = Ppe(m1), dH(z
A4 . . E[Tacql = d£ ) (24)
Ppac = Z <j ) (Ppe(72))’ (1= Ppe(2))*  (18) L=t
j=B which yields (25) shown at the bottom of the page, where
Ppy = Pr(m),
A
A p A H H
Pra= ) <J ) (Pr(v2)) (1 = Pr(v2))*~  (19) u( H e
j=B .
where~; and~, are decision thresholds in the search and veri- H o el 17 H
fication modes, respectively. 7 Z Hye(1) kl_[l e
From the circular state diagram in Fig. 3, the transfer function i
H(z ) from a given initial nod€?, m) to the ACQ state is Hp(l, j. ) = Hpooi (1 Hurr (1
calculated as (1, 5, 4) p)( )kl:[l MG—kp (1)
041,—1 =
H(2|t, m) = : S o , =
<L, (1 _ [HO(Z)] L_LPH]\/[(Z)) et HD(]" 7, g) = HD((]))(]') H H]w((],k))(l) + HD((]))(]-)
. - k=1
Ho(2) 2 MO (2, £, ) (20) z B ® 17 g (1)
where < Humy@®) 21 M((j—m))
Hy(z HHJ\M H?Z(l) —PDIZPDQZ
Hp(1) = Pp1ePp2e(2A+ 1T
Hp(el, ) = H ﬁH ) 21) Hye(1) =1— Pp1ePpa
D\%, £, DG (7 M((j—kD\Z
’ k=1 " Hy; (1) =(1 = Pp1)T + Ppre(1 — Ppag)(2A+ 1)T.

Ly Lp+l—1 7 j
<ZA<<k>> +4—j—Ae(Ar+1)/2 | Hi(1)Hp(L, £, 5) + AeHB(L, 4, )

(=1 j=¢ k=t
E[TACQ] = L(l — HM(l))
L, L,+{—1
AcHp(L, 4, §)((L — Lp)Ho (1) Har (1) + Hy (1))
+ == (25)

L(1 — Hp(1))?
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Fig. 5. Mean acquisition time versus SIR/chip,(= 10, ¢ = 0).

Hp(1 H Hppe(1

L,

Hjy,(1 zp:HW () H Hpw(1)

we(1)
j—£
Hp(1, 4, £) = Hpy (D) [ [ Ha-ap ()
k=1
j—t

H(1, 4, 8) = Hip ) (D) T Har(g—rp (1) + Hpiyy(1)
k=1

j—£
Hygrp@)
H m
ZHM((J (1) nlz_Il =)

Hy(1) =(1 — Pr1)T 4 Pr1(1 — Pp2)(2A+ 1)T
+ Pr1Pro(2A+ 1+ J/M)T

Hpe(1) = Pp1ePpoac

Hp(1) = PprePpo(2A+ )T

Hpe(1) =1 = Pp1ePpae

Hiy (1) =(1 = Pp1e)T + Ppre(l — Ppae)(2A+ 1)T.

IV. PERFORMANCE EVALUATION

In this section, the mean acquisition time performance of
the proposed acquisition schemes (NCS-CC and NCS-TC) de-
scribed in Section Il are evaluated and compared with that of
the conventional one. Equations (18), (19) and (25) are used to
calculate the mean acquisition time for NCS-CC and NCS-TC.



SHIN AND LEE: UTILIZATION OF MULTIPATHS FOR SS CODE ACQUISITION IN FREQUENCY-SELECTIVE RAYLEIGH FADING CHANNELS 741

T T T T T T ! 7 T T T

o conventional
NCS-CC
NCS-TC .

-
o
~

10° L

Mean Acquisition Time [chips]

20 18 -6 -14 12 -0 8 6 -4 -2 0 2 4
SIR/chip [dB]

T

Fig. 6. Mean acquisition time versus SIR/chip,(= 5, ¢ = 1).

10° conventional |
NCS-CC [
NCS-TC |

NPT eV, DR DP9 S O UL

Mean Acquisition Time [chips]

20 18 16 14 -12 10 8 -6 -4 -2 0 2 4
SIR/chip [dB]
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The mean acquisition time for the conventional scheme is evalerease with the SIR. This may be explained using a perfor-
uated using equations presented in [4]. The code pdrisdset mance improvement factor which is defined as the ratio of
to 25, and two values of the correlation length, 64 and 256, the mean acquisition time of the conventional scheme to that
are considered in the search mode. As mentioned in Section i, NCS-CC. The maximum achievable value of this ratio
the correlation interval in the verification mode is set two timeis about L, as shown in Figs. 4 and 5, and this may be
larger than that in the search mode. As suggested iM{[3},4 achieved when the SIR is sufficiently high so that there are
andB = 2 are chosen for the verification mode, and the penaltyo false alarms or miss-detections. At a low SIR, a number
factor J is assumed to b#0®. The decision thresholds and of miss-detections and false alarms may occur. Thids,
~2 are determined numerically to minimize the mean acquisiells may be repeatedly missed such that cells in an uncer-
tion time for each value of SIR/chip. tainty region are tested several times on the average to com-
Figs. 4 and 5 show the mean acquisition time for a unplete acquisition. In this case, the benefits of honconsecutive
form MIP, when L, = 5 and L, = 10, respectively. The search decrease since the time required to reach therfirst
proposed schemes are shown to always outperform the coel from an initial cell becomes negligible compared to the
ventional one. By comparing the performance of NCS-Cfotal acquisition time. At low SIR values, the ratio converges
with that of the conventional one, the performance improvés 1, and thus the performance of two schemes becomes
ment through the use of nonconsecutive search is foundindistinguishable. Figs. 6 and 7 show the mean acquisition
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Fig. 8. Effects of the number of resolvable paths on mean acquisition time (SIRchip dB, M = 256, u = 0).
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Fig. 9. Effects of the number of resolvable paths on mean acquisition time (SIRfchip6 dB, M = 256, p = 0).

time for an exponentially decaying MIP with = 1, when is also higher than that of an exponentially decaying MIP with
L, =5 and L, = 10, respectively. The proposed schemes aje = 1.
observed to outperform the conventional one as in the caselhe effects of the number of resolvable pathson the mean
of uniform MIP. Comparing Figs. 4 and 6, the performancacquisition time are shown in Figs. 8 and 9 for a uniform MIP
improvement is found to be greater for a uniform MIP thaand A/ = 256. Fig. 8 is associated with SIR/chis —2 dB,
for an exponentially decaying MIP with = 1. This can also which represents a relatively high SIR, and Fig. 9 with SIR/chip
be observed from Figs. 5 and 7. = —16 dB, which represents a relatively low SIR. In Fig. 8,
The performance improvement due to joint triple-cell detethe mean acquisition time of NCS-CC and NCS-TC is shown
tion is examined by comparing the performance of NCS-CC atml decrease witll,, increasing, while that of the conventional
NCS-TC. From Figs. 4-7, the use of joint triple-cell detection ischeme does not vary with,. This indicates that the increase
found to provide substantial performance improvement for boiththe number off; cells is more significant than the decrease
uniform MIP and an exponentially decaying MIP wijth= 1, in SIR for eachH; cell at SIR/chip= —2 dB. In Fig. 9, the
especially in a low SIR range. This indicates that the use pérformance of NCS-TC is found to improve slightly whep
joint triple-cell detection effectively mitigates the effects of @hanges from 3 to 4, while it degrades, whignis higher than
decrease in the SIR for eadl, cell. From Figs. 4-7, for the 4. The performance of the conventional scheme and NCS-CC is
joint triple-cell detection, the combining gain of a uniform MIPobserved to degrade, when increasing This is because that
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the decreasing in the SIR for each resolvable path is more sigig] R.R.Rickand L. B. Milstein, “Parallel acquisition in mobile DS-CDMA
nificant than the increasing in the number Hf cells. From . Eyite\?;sngEaESEraHr]asﬁz%OEgn;xgrg:fqt?éiggﬁltggr?;iztzgfgfg R
F_'gsl' .8 and 9, it can aIsp be observed that NCS-TC prowdeé signals in frequency-se]ective multi-user mobile channels,Piac.
significant performance improvement compared to the conven-

IEEE Vehicular Technology ConfHouston, TX, May 1999, pp.
tional scheme for a given range bf,, whether SIR/chip is high 2398-2402.
or low.

[10] R.R.Rick and L. B. Milstein, “Optimal decision strategies for acquisi-
tion of spread-spectrum signals in frequency-selective fading channels,”
IEEE Trans. Communvol. 46, pp. 686—694, May 1998.

[11] J. G. Proakispigital Communications3rd ed. New York: McGraw-

Hill, 1995.

In this paper, an acquisition scheme that effectively utilized12] W. Zhuang, “Noncoherent hybrid parallel PN code acquisition for
multipaths is proposed in frequency-selective fading channels. F(J:F? "gﬁgggg%ﬁf&”&aﬂO”S'TEEE Trans. Veh. Technolvol. 45,
This scheme utilizes nonconsecutive search and joint triple-cell
detection. Mean acquisition time performance is analyzed in fre-
quency-selective Rayleigh fading channels. The performance of
the proposed and conventional acquisition schemes is evaluated
and compared. It is found that the proposed acquisition sche

V. CONCLUSIONS

Oh-Soon Shin(S’'00) was born in Andong, Korea,

significantly outperforms the conventional schemes over fr,
quency-selective Rayleigh fading channels. The minimumm
acquisition time, which can be achieved at high SIR’s, is shov
to decrease with the increasing of the number of resolvable pa
by employing nonconsecutive search. At a low SIR, the pri
posed acquisition scheme is also shown to provide a significi
performance improvement due to the combining gain provid
by the joint triple-cell detection.
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